ABSTRACT Electrophysiologic studies were performed in 16 patients 11 to 45 years old (mean 33 years) with idiopathic sustained (lasting more than 5 min) ventricular tachycardia (VT) originating from the left ventricle. Endocardial mapping during VT showed that the earliest site of activation was at the apical inferior portion of the left ventricle in 14 patients whose QRS morphology during VT showed a right bundle branch block pattern and left-axis deviation, but at the apical anterosuperior portion of the left ventricle in two patients whose QRS morphology during VT showed a right bundle branch block and right-axis deviation. Single programmed ventricular stimulation induced VT in 13 patients, and rapid ventricular pacing induced VT in the remaining three patients. Rapid ventricular pacing terminated VT in all patients. The relationship between the coupling interval and the echo interval was inverse in all eight patients with a wide VT inducible zone. Entrainment was recognized in three of six patients. The initiation of VT by constant pacing depended on the number of pacing beats but not the duration of pacing in all four patients tested. Intravenous verapamil terminated the VT in 13 of 14 patients. Long-term oral verapamil was also effective in all five patients who required long-term oral therapy for their symptoms associated with VT. In conclusion (1) idiopathic left ventricular tachycardia has unique electrocardiographic, electrophysiologic, and electropharmacological properties, (2) the electrophysiologic characteristics suggest that the mechanism is reentry, and (3) verapamil is effective in both the short-and long-term treatment of VT. Circulation 77, No. 3, 560-568, 1988. IDIOPATHIC sustained ventricular tachycardia (VT) has recently been characterized by its QRS morphology during VT (right bundle branch block and left axis deviation) and its responsiveness to verapamil.'13 The QRS configuration of the tachycardia suggests that it originates from the Purkinje fiber network of the left posterior fascicle. However, extensive endocardial mapping has not been done to confirm the origin of this VT.
The purpose of this study was to investigate in consecutive patients with sustained VT originating in the left ventricle and without overt evidence of organic heart disease (1) the origin of VT, (2) the electrophysiologic characteristics of VT, (3) the efficacy of antiarrhythmic drugs, and (4) long-term clinical follow-up.
Methods
From January 1979 through December 1986, 16 patients with recurrent sustained VT of left ventricular origin, but without clinical evidence of heart disease, were studied at the National Cardiovascular Center of Osaka, Japan. The mean age of the patients at the time of our evaluation was 31.3 + 14.0 years. Sustained VT was defined as protracted paroxysmal runs of VT lasting longer than 5 min and usually requiring pharmacologic or electrical intervention. The absence of organic heart disease was diagnosed by: (1) normal cardiac examination, (2) normal resting electrocardiogram, (3) normal chest x-ray, (4) lack of significant ST depression or ST elevation during or after a submaximal treadmill exercise test, (5) a normal echocardiogram (no structural cardiac abnormalities, no enlargement of the cardiac chambers, normal left ventricular wall thickness, and normal left ventricular wall motion), and (6) a normal radionuclide angiogram (no enlargement of the cardiac chambers and normal left and right ejection fraction). In 10 patients, left ventricular angiography, right ventricular angiography, and coronary arteriography were performed to establish that no struc-CIRCULATION 560 tural heart disease was present. The left origin of the VT was determined by ventricular endocardial mapping during VT.
Electrophysiologic studies. After giving informed written consent patients underwent electrophysiologic studies performed while they were in the postabsorptive state. Antiarrhythmic medications were discontinued at least 3 days before the studies. His ventricle supplied by the posterior division of left posterior fascicle. In the present study, the configuration of VT showed right bundle branch and left-axis deviation in 14 patients ( figure 1, A) , and right bundle branch block and right-axis deviation in two patients ( figure 1, B) . Endocardial mapping during VT showed that the earliest ventricular activation was at the apical inferior region of the left ventricle in all 14 patients in whom the QRS configuration of the VT showed right bundle branch block and left-axis deviation, while it was at the apical anterosuperior region of the left ventricle in two patients in whom VT showed right bundle branch block and right-axis deviation (figure 2). The fact that pacing from the site of the earliest ventricular activation produced very similar QRS complexes to the VT suggests that the earliest activation site indicates the origin of VT in these patients (figure 4). Endocardial mapping also showed that the His bundle potential during VT occurred 10 to 20 msec after the earliest ventricular activation, suggesting early retrograde conduction to the His bundle ( figure 5) . The All patients' VT terminated with pacing, and none showed fragmentation. activity may also be started or stopped by a single premature stimulus.4 Thus, in the present study, three other electrophysiologic characteristics were examined: (1) the relationship between the premature coupling interval and the echo interval, (2) the relationship between the number of pacing beats and the induction of VT, and (3) the presence of progressive fusion. In reentrant tachycardia, such as atrioventricular reentrant tachycardia, atrioventricular nodal reentrant tachycardia, and VT associated with old myocardial infarction, the relationship between the premature coupling interval and the echo interval is usually inverse.10 In contrast, in triggered tachyarrhythmias, the relationship is typically direct.4 The fact that the relationship was consistently inverse in all our patients suggests that its mechanism was reentry.
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That the initiation of tachycardia by constant pacing depends on the basic cycle length is characteristic of both reentry and triggered activity. Also, the ability to initiate tachycardia is closely related to the number of pacing beats in both kinds of tachycardia. However, in triggered activity, the longer the period of fixed pacing, the greater the chance of induction. " In contrast, in reentrant tachycardia, certain numbers of pacing beats are more likely to induce tachycardia at a critical pacing rate. This may be caused by a Wenckebach type of conduction in one of the two pathways in addition to the presence of unidirectional block. The Wenckebach type of conduction delay is important for the initiation of reentrant tachycardia, and has been observed in patients with atrioventricular nodal reentrant tachycardia during constant ventricular pacing at a rate at which type I second-degree ventriculoatrial block occurs.12 ' 13 In the present study, the initiation of VT was closely related to the number of pacing beats but not to the duration of pacing. In patient 1, VT was initiated with greater frequency by 4, 7, 8, 12, and 13 pacing beats, and less frequency by 3, 5, 6, 9, and 10 beats at a pacing cycle length of 300 msec (figures 7 and 8) . This suggests that conduction of a Wenckebach type in the reentrant pathway was present at a cycle length of 300 msec.
The presence of progressive fusion as defined by Waldo et al.14 is one of the characteristics of reentry.
The fact that it was recognized in only three of six patients in the present study is not inconsistent with reentry, since the ability to satisfy this criterion provides strong evidence confirming the mechanism of usually recorded before the onset of the QRS complex during VT in patients with associated organic heart disease. However, the fact that fragmentation could not be recorded during normal sinus rhythm or during VT in any of the patients in the present study is not inconsistent with reentry. It is possible that very slow conduction at a relatively small area produces enough delay for reentry without slowing fragmentation, as is seen in conduction within the atrioventricular node. In summary, these electrophysiologic characteristics, in addition to the fact that the VT could be induced and terminated by pacing, strongly suggest that the mechanism of the VT was reentry.
Antiarrhythmic drugs and patients follow-up. One of the characteristics of idiopathic VT with a configuration of right bundle branch block and left-axis deviation is that it is responsive to verapamil but not responsive to lidocaine or propranolol. The present study shows that not only idiopathic VT with the configuration of right bundle branch block and left-axis deviation but also VT with right bundle branch block and right-axis deviation had the same electropharmacologic characteristics.
The mechanism by which verapamil is effective in terminating this VT remains to be elucidated, but it is possible, as German et al. 3 have suggested, that part of the circuit of the VT contains a calcium channelmediated pathway. This may explain the facts that the VT could be terminated by verapamil and that no recognizable organic change could be demonstrated, suggesting that the area responsible for slow conduction was relatively small.
The present study confirms that intravenous verapamil is very effective in terminating VT and also shows that long-term oral verapamil is effective clinically. One patient placed on oral verapamil became asymptomatic, and all the remaining patients on verapamil improved symptomatically as the VT became nonsustained. The reason that oral verapamil did not suppress VT completely is probably related to the dose since 240 mg/day is a relatively small dose for adult patients.
We drew the following cornclusions from this study: (1) Chronic sustained VT originating from left ventricle in patients without apparent organic heart disease has peculiar electrocardiographic, electrophysiologic, and electropharmacologic characteristics. ( 2) The electrophysiologic characteristics of the VT suggest that the mechanism is reentry. (3) Verapamil is effective for both short-and long-term treatment of this VT.
